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In recent years, conductive polymer nanomaterials have become one of the focus 
areas in material preparation. As an important member of conductive polymer family, 
polypyrrole (PPy) has been broadly studied, and show broader application value. 
Compared to other conductive polymers, PPy nanomaterials have not only excellent 
stability, electrical conductivity and corrosion resistance, but also good 
biocompatibility, so they are widely used in metal implant coatings, drug delivery 
carriers, tissue engineering scaffold materials and other areas of biomedical research. 
As the demand for enhancing the performance of biomedical materials, exploring 
stronger function and wider application PPy nanocomposites has become a new trend 
in the research of PPy. 
Since scientists have discovered that dopamine(DA) molecule can imitate mussel 
adhesive proteins to self-aggregate in alkaline water aerobic environment, DA has 
become a hot topic in the field of surface modification. DA can be deposited on 
various materials’ surface including metals, metal oxides, polymers, even 
super-hydrophobic materials without limited by the three-dimensional structure,  
which shows a very great potential application value. Although polydopamine(PDA) 
formation mechanism is still unclear, it has been widely used in biomaterials surface 
modification for possible further addition reactions with amino or mercapto groups, 
moreover the film surface could be fixed by biologically active molecules 
(polysaccharides, growth factors, proteins and the like). Because the surface of 
polymer nanomaterials is easy to be modified, we envisage to modify the surface of 
PPy nanomaterials by DA to obtain a new type of PPy/ PDA nanocomposites material. 
PPy nanomaterials have good biocompatibility, but low biological activity, PDA both 
has bioactivity and biocompatibility, in addition, current research main focused on 
PDA’s general morphology, its nanotopography may have better biological function. 
Therefore, the interaction between PPy and PDA will be mutual, modification of PDA 
















PDA, which bring the research value in the composites’ properties and applications. 
With the development of society, the demand for bone graft materials increase 
sharply due to bone defects. Good bone graft materials not only have good 
biocompatibility, but also bone-inducing activity, therefore finding and exploring 
effective new bone graft materials has a very important significance. PPy for bone 
graft material exploration has been reported, however, its practical application was  
limited by the biological activity. Osteoblasts(MC3T3-E1) play an important role for 
bone formation, the biocompatibility and bioactivity of implant materials directly 
impact its biological characteristics, so the interaction between MC3T3-E1 and 
materials is the key to implant surgery. Because PPy nanowires can promote cell 
adhesion and proliferation, and PDA can improve biocompatibility and mineralization 
ability on material surface, it can be foreseen that the combination of PPy 
nanomaterials with PDA will have a positive impact on biological characteristics of 
bone cells. 
Therefore, main contents of this article are as follows: (1) changing the way of 
electrochemical polymerization and polymerization time, to prepare various shapes 
and sizes of PPy nanowires and analyze their various physical and chemical properties; 
(2) using solution oxidation method to get PPy/PDA nanocomposites on the surface of 
PPy nanowires obtained in the above under different deposition time, characterizing 
their physical and chemical properties; (3) exploring MC3T3-E1 cells’ adhesion, 
proliferation and synthesis of biology on the surface of PPy/PDA nanocomposites. 
The main findings are as follows: (1) using constant voltage polymerization 
method and 200s polymerization time, uniform morphology and high aspect ratio of 
PPy nanowires membrane is achieved. polymerized in alkaline water aerobic solution 
5 h, the nanocomposites material with uniform nanowires morphology is obtained. (2) 
The analysis and characterization show PPy nanowires have a smooth surface, the 
diameter is between 40-60 nm, length is in micro level and the aspect ratio is high. 
PDA particles are pack tightly, the thickness of film is about 20 nm. PPy/PDA 
nanocomposites diameter is about 80-100 nm, the surface is rough but maintain a high 
















significant redox activity, high stability and anti-corrosion properties. After PPy 
nanowires is modified by PDA, the hydrophily is significantly improved, and still 
have electrical conductivity, this will expand the material’s application in response to 
electrical stimulation.(3) MTT method shows that the composite material could help 
cell adhesion and appreciation. Staining and scanning electron microscope further 
evidence PDA can support cell adhesion and spreading on the PPy surface. BCA 
protein assay shows MC3T3-E1 cultured on the composite material have the highest 
amount of protein synthesis, i.e. highest metabolism activity. ALP alkaline 
phosphatase activity test shows that the activity in PPy/PDA group is significantly 
higher than other groups, which means PPy nanowires can induce MC3T3-E1 step 
into mature stage earlier and osteogenic mineralization after PDA modified. 
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表 1-1 几种常见导电高分子的结构式及最大电导率 





聚吡咯（PPy）  200-1000 
聚噻吩（PTH）  
      
    100-1000 









































图 1-1 介孔硅与聚吡咯复合材料合成示意图 




除去。图 1-2 为合成示意图，其中(a) 为二嵌段共聚物（聚苯乙烯和聚环己基乙
烯）， (b)为共聚物形成的圆柱形态模板, (c) 通过流动取向获得的宏观排列的圆
柱形态, (d)去除微量组分产生纳米多孔模板, (e)和(f) 分别在模板中制备纳米
线和纳米颗粒，(g)和(h)为去除模板后获得纳米线和纳米粒。 
 
图 1-2 聚吡咯纳米线及 CdS 纳米颗粒合成示意图 
Fig. 1-2 Schematic representation of the template synthesis of polypyrrole 


























     
图 1-3 聚苯胺的纳米管和空心球扫描电镜图 
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